Dorsoventral patterning in Drosophila has long been known to involve a cascade of proteases, held in the inactive zymogen state prior to signaling. At long last, the prediction that a protease inhibitor is involved in this pathway has been shown to be true, with the identification of a serpin that plays a key part in Drosophila embryonic patterning.
Because signaling emanates from the ventral side, a gradient of nuclear Dorsal is formed with peak levels ventrally and declining levels laterally (Figure 1) . Dorsal regulates the transcription of several target genes in a concentration-dependent manner, spatially restricting their expression along the dorsoventral axis [10] . Embryos that lack Dorsal proteins, or any component of the pathway leading to Dorsal nuclear localization, are 'dorsalized', developing only dorsally derived structures.
Two regulatory inputs ensure that the protease cascade occurs only on the ventral side. First, it is known that cascade activity is boosted by Pipe activity, which is present ventrally and thus provides asymmetry to the system [11] . How Pipe functions at the molecular level is not fully understood. Second, because serpins were known to inhibit proteases in other systems, it was speculated that a serpin might limit cascade activity to the ventral side [12, 13] . That such a serpin might target with the Easter protease was suggested by biochemical evidence for a high molecular This phenotype is rarely observed, seen only with certain Toll gain-of-function alleles where constitutive receptor activity throughout the embryo leads to ubiquitous Dorsal nuclear localization. Though gain-of-function alleles have also been found for easter and spätzle, they cause milder phenotypes. Two other surprising phenotypes were observed in these studies [4, 5] . In embryos with a partial loss of Serpin-27A function, the ventral-most region expands to about triple the size and the lateral region shifts dorsally [5] . Though shifts in pattern are often seen, this particular phenotype is also rare, indicating that serpins play a unique role in dorsoventral patterning. In contrast, when Serpin-27A sense RNA was injected into Serpin-27A mutants, dorsalized phenotypes were induced, demonstrating that too much serpin has the opposite effect of too little. The relative concentrations of serpin and protease are thus critical for normal patterning [4, 5] .
Biochemical assays laid to rest any doubt that Serpin-27A targets the Easter protease. In co-transfection assays, Serpin-27A prevented the cleavage of Spätzle by the Easter catalytic domain, but could not block the proteolytic activity of Gastrulation Defective or Snake [4] . In immunoblot assays of embryonic extracts, a stable Serpin-27A-Easter complex was detected that is indeed similar in size to the enigmatic EA-X [4] . With these new data, the serpin in dorsoventral patterning was pinned down at last. But just how Serpin-27A fits into the pathway was not yet clear. As Serpin-27A protein is evenly distributed throughout the embryo, its production is not spatially regulated [4] . Might its activity be regulated by Pipe? Given that Pipe is related in sequence to a heparin sulphate 2-O-sulphotransferase [11] , and some serpin family members show increased inhibitory activity in the presence of heparin [15] , Pipe might modify a proteoglycan that in turn regulates Serpin-27A.
If Pipe is upstream of Serpin-27A, then embryos lacking both Pipe and Serpin-27A should show the same ventralized phenotype as embryos lacking only Serpin-27A. But this is not the case. Rather, they show a dorsalized phenotype, similar to Pipe-deficient mutants [5] . This key experiment tells us that Pipe does not act upstream of Serpin-27A, but instead provides an independent input that somehow enhances cascade activity. Ligoxygakis et al. [5] propose that this input might in effect produce enough active Easter molecules to overcome serpin inhibition locally (Figure 1 ). Dorsally however, there is no Pipe input, no protease cascade and serpins outnumber any activated Easter molecules diffusing away from the ventral region [4, 5] . Thus, though the role of Pipe remains elusive, that of Serpin-27A is clear: to dampen protease activity. Where Easter levels are low, Serpin-27A will bind and trap Easter. Furthermore, if the protease cascade is indeed self activating, it is imperative to have a dampening mechanism to ensure that it is not fully triggered by background activity. Involving a serpin provides such a mechanism.
Might other serpins be involved in dorsoventral polarity, possibly acting to inhibit Gastrulation Defective or Snake? There is no rule as to which step or how many steps of a protease cascade can be inhibited by serpins. Though it is possible that additional serpins function in dorsoventral patterning, no gain-of-function alleles or EA-X-like complexes have been identified for Nudel, Gastrulation Defective or Snake, suggesting that they do not interact with serpins. If so, why not? Why wait until the cascade is nearly complete to inhibit it? It may be that Easter is a particularly active enzyme, or perhaps Pipe exerts its influence at this step, and so direct inhibition here might provide tighter control.
The function of serpins is generally to limit protease activity, as is well illustrated by the following examples. In blood clotting, the thrombin protease converts fibrinogen into fibrin, which aggregates into threads to form a clot at the site of damage. Without the serpin antithrombin, clots can form inadvertently within blood vessels, leading to thrombosis [15] . The serpin α α1-antitrypsin, the archetypal member of the serpin superfamily [16] , is a potent inhibitor of neutrophil elastase, a protease that degrades the elastic tissue of the lung. Neutrophils are recruited to the lung in the first place as an inflammatory response to infection or cell damage. A deficiency of α α1-antitrypsin exposes lung tissue to continuous elastase attack, culminating in the lung disease emphysema [16] .
And finally, complement proteins play a major role in immunity by recognizing foreign cells and promoting their lysis, and also by attracting inflammatory cells. Without the C1-inhibitor, the complement cascade is not properly confined to the site of infection and nearby host cells can become potential targets, leading to autoimmune disease. Likewise, in Drosophila, lack of Serpin-27A not only causes embryonic pattern disruptions, but also causes an unrestricted immune response in adults, leading to the melanization of host cells [2, 3] . In all of these systems from embryonic development to inflammatory homeostasis, the relative concentrations of serpin to protease must be precisely regulated, demonstrating once again that a fine balance between positive and negative must be achieved for well being.
